Introduction: Liver fibrosis is the excessive accumulation of extracellular matrix that occurs by activation of hepatic stellate cells (HSCs), which has been identified as the major driver of liver fibrosis. Several studies confirmed that miRNAs have regulatory effects on the activation of HSCs by affecting the signaling pathways. The aim of this study was to develop non-invasive diagnostic markers by measuring different circulating miRNAs in serum as predictor markers for early diagnosis of liver fibrosis and its progression. Methods: In this case-control study, we enrolled 66 subjects with chronic hepatitis C (CHC) with early stage of fibrosis and 65 subjects with CHC with late-stage fibrosis. Also, 40 subjects were included as normal controls. The six main miRNAs, i.e., miR-138, miR-140, miR-143, miR-325, miR-328, and miR-349, were measured using the reverse transcription-polymerase chain reaction. Results: In the cases of CHC both with early and late stage of fibrosis, the circulating levels of the six main miRNAs were significantly higher than the levels in the control group. ROC analysis indicated that the sensitivity and specificity of miR-138 were 89.3% and 71.43%, respectively, in the early stage of fibrosis. In the late stage, the sensitivity and specificity of miR-138 were 89.3 and 93.02%, respectively, whereas, for miR-143, they were 75.0 and 88.4%, respectively. Conclusions: Circulating miR-138 could serve as a non-invasive biomarker for the detection of early fibrosis. Also, miR-138 and miR-143 could be specific biomarkers for indicating the late stage of liver fibrosis.
Introduction
A major cause of chronic liver disease is Hepatitis C virus (HCV), and about 200 million people are infected worldwide. HCV infection is sensed by multiple innate immune pathways, resulting in chronic liver fibrosis (1) , which is a pathological condition. This condition is caused by liver damage that leads to the excess accumulation of abnormal extracellular matrix (ECM) proteins, which is accompanied by the loss of liver function (2) . Liver fibrosis is induced by hepatic stellate cells (HSCs), which are the major mesenchymal cells in the liver (3) . Activated HSCs lose their lipid droplets, migrate to injured sites, and are transformed into myofibroblast-like cells. These cells secrete large amounts of ECM proteins, including collagen, laminin, proteoglycan, and fibronectin (4, 5) . HSC is regulated by multiple signal transduction pathways, and its activation is considered to be a key event, making proteins from the pathways involved targets for micro RNAs (miRNAs) (6) . Previous studies have shown that miRNAs in the liver play a fundamental role in the proliferation, differentiation, apoptosis, and migration of HSCs, Page 1805 and the aberrant miRNA expression is related to liver fibrosis (4, 7, 8) . Also, it was shown that, during hepatic fibrogenesis, certain miRNAs integrate pro-fibrogenic and pro-inflammatory signals in HSCs, thereby controlling the expression of various extracellular matrix genes (1, 9) . MiRNAs consist of approximately 22 nucleotides noncoding RNAs that participate in the post-transcriptional regulation of many protein-coding mRNA molecules. They do so by binding specifically with the 3-untranslated region (3-UTR) of the target gene. MiRNA inhibits the target expression either by mRNA degradation or translational repression (10, 11) . The role of miRNAs that seems to be emerging in innate and adaptive immunity provides a strong indication of an association with the regulation of inflammatory diseases (5) . In order to understand the critical pathways of HSC activation, recent studies performed comprehensive comparative bioinformatics analysis of microarrays of quiescent and activated HSC, and they identified 12 up-regulated miRNAs (miR-874, -290, -501,-349, -325-sp, -328, -138, -143, -207, -87, -140, -193) and nine downregulated miRNAs (miR-341, -206-3p, -156, -16, -375, -122, -146a, -29b, -126) (6, 8, 12) . These studies suggested that the altered miRNA patterns that occur after chronic liver disease have a significant effect on the progression of fibrosis. This is due to their potential to activate HSC, target the expression of ECM proteins, and the synthesis of mediators of the profibrogenic pathway (13) . Although an important therapeutic advancement was achieved with the recent discovery of potent, direct-acting antiviral agents (DAAs) against HCV, even the trace amounts of HCV RNA from successfully-treated patients can be infectious (1, 14, 15) . Thus, there is a need for early diagnosis and therapeutic modalities for the prevention of HCV-related, end-stage liver disease. Based on recent studies, miRNAs have become the focus of interest as diagnostic biomarkers and therapeutic targets. However, since miRNAs are released into the bloodstream, it has been suggested that circulating miRNAs patterns hold great potential for non-invasive, blood-based biomarkers for serving as valuable prognostic indicators of the progression of fibrosis of the liver (16) . In the current study, we explored the potential value of circulating miRNAs as noninvasive, predictive biomarkers for HCV-induced fibrosis of the liver.
Material and Methods

Study design and patients
This study included 66 subjects with chronic hepatitis C (CHC) and early-stage fibrosis and 65 subjects with CHC with late-stage fibrosis who were admitted to the Department of Hepato-gastroenterology. Also, 40 subjects were included as healthy controls. Laboratory investigations included urine and stool analyses, liver function tests, alanine aminotransferase (ALT), aspartate amino-transferase (AST), prothrombin time, albumin, and bilirubin. Also, ultrasonography and clinical investigations were done for all of the subjects in the study. Six main miRNAs, i.e., miRNA-138, miRNA-140, miRNA-143, miRNA-325, miRNA-328, and miRNA-349, were selected based on the results of previous studies that demonstrated their notable expression pattern during the development of fibrosis of the liver. The six miRNAs were measured using Reverse Transcription (RT) and real-time reverse transcriptionpolymerase chain reaction (qPCR). All patients gave informed consent prior to entering the study in conformance with the guidelines of the 1975 Declaration of Helsinki, as reflected by approval of the institution's Human Research Ethics Committee.
Laboratory investigations
We conducted tests of liver functions and conducted serological diagnosis of viral hepatitis to determine the presence of chronic HCV infection. For more than six months, the subjects were administered reactive anti-HCV antibodies (using the Murex enzyme immunoassay kit, Dartford, England), and positive HCV-RNA was detected using the Abbott Real time HCV assay (Abbott Laboratories, Illinois, U.S.A.). Patients who had been treated previously for hepatitis C were excluded.
Histopathologic Study
We conducted an assessment of the grade of inflammation and the stage of fibrosis in 5-µm-thick serial sections of formalin-fixed, paraffin-embedded blocks, which were stained with hematoxylin/eosin and Masson trichrome. The Metavir scoring system (The French METAVIR Cooperative Study Group) was used to determine the stage of hepatic fibrosis. Accordingly, the subjects were divided into groups of 36 patients who had F1 and F2 (early-stage fibrosis) and 35 patients who had F3 and F4 (late-stage fibrosis).
RNA Extraction, Reverse Transcription (RT) and Quantitative PCR (qPCR)
RNA was isolated from the serum of HCV patients using a Qiagen Viral RNA kit (Hilden, Germany). To evaluate the expression of the chosen miRNAs from the serum samples, we used RT and qPCR kits that were made specifically for accurate miRNA analysis (Applied Biosystems, USA). We performed the 15-µL RT reactions by using a TaqMan® microRNA Reverse Transcription Kit (Applied Biosystems, USA). We calculated the relative Page 1806 expression of miRNA using the comparative cycle threshold (CT) (2 −ΔΔCT ) method (17) , and the data were normalized using miRNA-16 as the endogenous control.
Statistical Analysis
The results data were log-transformed for analysis because of the magnitude and range of the relative miRNA expression levels that were observed, and the data were presented as mean ± SE. We used the Kolmogorov-Smirnov test to confirm that there was no evidence against normality for the log transformed data. The analysis of variance (ANOVA test) was used to evaluate the differences in the chosen miRNAs between the subjects and the controls. We constructed receiver operating characteristic (ROC) curves, and the areas under the curves (AUCs) were calculated to evaluate the specificity and sensitivity for the subjects and the controls. All statistical tests were twosided, and a probability level of p < 0.05 was considered to be statistically significant. We analyzed the data using IBM-SPSS software, version 22.
Results
Clinical investigation and laboratory data of studied cases are provided in Table 1 . In this study, six up-regulated miRNAs were selected for validation by RT and qPCR, i.e., miR-138, miR-140, miR-143, miR-325, miR-328, and miR-349. We studied their expression levels by isolating miRNAs from the serum of 66 patients with early fibrosis, 65 patients with late fibrosis, and 40 healthy controls. Interestingly, the values of all examined miRNAs were increased significantly in early and late fibrosis compared to healthy control (p < 0.001, p < 0.01, and p < 0.05, respectively). MiR-138 showed the highest significant value in early and late fibrosis compared to healthy controls (p < 0.001), followed by miR-140, and miR-143 in late fibrosis (p < 0.001), while, in early fibrosis, the values were (p < 0.01 and p < 0.05, respectively, compared to the healthy controls. However, miR-328, miR-349, and miR-325 showed moderately significant increasing values in late fibrosis (p < 0.01) and in early fibrosis (p < 0.05) compared to the healthy controls. These results are provided in Table 2 . Figure 2) . In late fibrosis, the analysis of the ROC curve showed that miR-138 and miR-143, with areas under the curves of 0.924 and 0.682, respectively, and p < 0.001 and p < 0.05, respectively, and its sensitivity = 89.3% and specificity = 75.0%, and sensitivity 93.02% and specificity 88.4% with a cut-off value = 62.9 ( Figure 3) . 
Discussion
Activated HSCs are the principal cell type that promotes the synthesis and deposition of ECM proteins in response to increased levels of circulating inflammatory signals derived from damaged parenchymal cells. So, HSCs activation serves as the critical step in the initiation and progression of liver fibrosis. In previous studies, in patients with chronic liver disease and liver fibrosis, array-based studies identified several miRNAs to be upregulated in serum compared to healthy controls, several of which also correlated with the degree of liver fibrosis (13) . In this study, we measured six miRNAs (miR-349, -325, -328, -138, -143, -140), which are considered as upregulated Page 1809 miRNAs in activated HSCs. We measured these miRNAs in serum of patients with early and late fibrosis because they have been demonstrated to be very specific and stable in human serum and plasma (11, 18, 19) . Our results indicated that miR-138 and miR-140 were highly detected in early and late fibrosis compared to healthy patients and more than other miRNAs. This indicates the obvious role of these miRNAs in activation of HSCs and progression of liver fibrosis. Hepatocellular injury followed by inflammation and activation of the innate immune system may lead to early stage liver fibrosis, resulting in HSC activation (20) . The transition process of HSC into a myofibroblastic cell type is accompanied by stimulation of a variety of profibrogenic growth factor profiles. At the same time, other targeted genes are those critical for HSC activation and proliferation, are markedly up-regulated during hepatic fibrogenesis. These targeted genes regulated by miRNAs include transforming growth factor-beta (TGF-β), the platelet-derived growth factors (PDGF), mitogen-activated protein kinase (MAPK), vascular endothelial growth factor (VEGF), and tissue inhibitor of metalloproteinase I (TIMPs) (1, 8) . These targeted genes' signaling has been found to be essential for myofibroblastic transdifferentiation of HSCs and stimulates proliferation and the synthesis of type I collagen and matrix metalloproteinases, leading to increasing synthesis of ECM (10) . Of these targeted genes, TGF-β has been recognized as the most potent fibrogenic cytokine, which leads to secretion of an excessive amount of ECM components, predominantly type I collagen, that is deposited as fibers (1, 5, 21) . In advanced stages of liver fibrosis, bridging collagen bands occurs, and the liver may contain up to six times more ECM than normal (5), thereby compromising organ function and leading to its failure (1) . Previous studies assumed that miRNAs may be involved in the altered gene expression profile of myofibroblastic HSC in early stage of fibrosis (8, 13, 22) . Also, miRNAs definitely contribute to the profibrogenic changes during fibrogenesis in late stage of fibrosis, not only by targeting ECM production, but also by interaction with the TGF-β signaling pathway (13) . Previous studies demonstrated that the activation of HSCs related to these miRNAs (miR-138, -140, -143) may regulate multiple functions especially inducing cell cycle arrest and apoptosis by targeting Bcl-2 gene and caspase-9 signaling pathway. However, they may play an important role in the interaction with the TGF-β signaling pathway (8, 23) . In this study, our findings were consistent with these reports; however, miR-138 had obvious increasing value in early fibrosis than the other studied miRNAs. Hyaluronan (HA) is a glycosaminoglycan synthesized by HSCs, and it is a component of ECM. The increased expression of HA and its cell-surface receptor (CD44) may reflect increased synthesis of ECM by HSCs. Recent work has found that miR-328 regulates the binding interaction of CD44 with its ligand hyaluronan (24) . The 3'UTR of CD44 targeted by miR-328 resulted in regulating ECM synthesis by causing an increased expression of CD44, fibronectin, and type I collagen (23) . This finding was consistent with our result that the increasing levels of miR-325, -349, -328 in late-stage liver fibrosis, more than in early-stage fibrosis, may reflect the role of these miRNAs in the progression of fibrosis by targeting the gene responsible for increasing ECM synthesis.
Conclusions
This study indicated that miRNAs might be considered potential diagnostic biomarkers for activation of HSCs and formation of fibrosis and offer insight into its progression. We found that miR-138 was the more specific miRNA expressed in early and late fibrosis, followed by miR-143 in late fibrosis. However, the other miRNAs that were studied (miR-140, miR-235, miR-238, miR-349) showed increasing expression in late stage of fibrosis more than in the early stage. Thus, it is recommended that further study be conducted at a larger scale.
